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Description

Title of Invention: ELECTRONIC APPARATUS AND METHOD

[1]

[2]

[3]

[4]

[S]

[6]

FOR CONTROLLING THEREOF
Technical Field

The disclosure relates to an electronic apparatus and a method for controlling thereof,
and more particularly, to acquiring distance information between an electronic
apparatus and an object by using an output value of an intermediate layer of an object

recognition neural network model.

Background Art

Artificial intelligence systems are being used in various fields. In an artificial 1n-
telligence system, a machine learns, determines, and becomes smarter by itself, unlike
related art rule-based smart systems. An artificial intelligence system shows a more
improved recognition rate as it 1s used more, and becomes capable of understanding
user preference more correctly. For this reason, related art rule-based smart systems are
gradually being replaced by deep learning-based artificial intelligence systems.

An artificial intelligence technology consists of machine learning (e.g., deep
learning) and element technologies utilizing machine learning.

Machine learning refers to an algorithm technology of classifying/learning the char-
acteristics of input data by itself, and an element technology refers to a technology for
performing functions of a human brain such as cognition and determination by using a
machine learning algorithm such as deep learning, and includes fields of technologies
such as linguistic understanding, visual understanding, inference/prediction,
knowledge representation, and operation control. In particular, linguistic understanding
1s a technology of recognizing languages/characters of humans, and applying/
processing them, and includes natural speech processing, machine translation, commu-

nication systems, queries and answers, voice recognition/synthesis, and the like.

Disclosure of Invention

Technical Problem

Recently, attempts to acquire distance information of an object by using an artificial
intelligence system are being actively pursued. However, there 1s a problem that, in the
case that another obstacle exists, other than an object to be recognized on an 1mage, or
a plurality of objects overlap on one 1mage, the accuracy of the distance information of

the object decreases.

Solution to Problem

Embodiments provide an electronic apparatus which acquires distance information of

an object with improved accuracy.
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7] Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

8] In accordance with an aspect of the disclosure, there 1s provided an electronic device
which includes a memory storing at least one instruction, and a processor executing at
least one 1nstruction stored in the memory, wherein the processor 1s configured to, by
executing the at least one instruction, acquire an image and depth information of the
image, input the acquired image into a neural network model trained to acquire 1n-
formation on objects included in an 1image, and acquire an intermediate feature value
output by the intermediate layer of the neural network model, identify feature areas for
at least one object included 1n the 1mage based on the intermediate feature value, and
acquire distance information between the electronic apparatus and the at least one
object based on the feature areas for the at least one object and the depth information
of the 1mage.

9] The processor may be configured to input the acquired image into the neural network
model and acquire a final feature value output by the final layer of the neural network
model, identity type information for each of the at least one object included 1n the
image and information on the object areas based on the acquired final feature value,
and acquire a feature map including the feature areas for the at least one object
included in the 1image based on the intermediate feature value.

[10] The processor may be configured to map the acquired feature map and the object
areas for each of the at least one object and 1dentity feature areas corresponding to
cach of the at least one object.

[11] The feature map may be acquired by summing up a plurality of intermediate feature
values acquired by a plurality of predefined intermediate layers.

[12] The processor may be configured to acquire a representative value based on feature
pixels corresponding to the feature areas among the depth information of the image,
and map the representative value to the feature areas and acquire the distance 1n-
formation.

[13] The processor may be configured to generate an image wherein the type information
and the distance information are displayed around the object areas for each of the at
least one object.

|14 ] The electronic apparatus may include a display and the processor may be configured
to control the display such that the generated image 1s output.

[ 135] The processor may be configured to transmit a signal to an external apparatus
through the communication interface such that the generated image 1s output through
the external apparatus.

[16] The processor may be configured to acquire the depth information of the image
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through a depth camera or a stereo camera, or acquire the depth information of the
image by analyzing the acquired image.

The intermediate layer may include a first intermediate layer corresponding to an
object of a first type, and the processor may be configured to: identify a first feature
area for the object of the first type based on a first intermediate feature value output by
the first intermediate layer, acquire a first representative value based on a feature pixel
corresponding to the first feature area among the depth information of the image, and
map the first representative value to the first feature area and acquire the first distance
information.

In accordance with an aspect of the disclosure, there 1s provided a method for con-
trolling an electronic apparatus including the steps of acquiring an image and depth 1n-
formation of the image, inputting the acquired image into a neural network model
trained to acquire information on objects included 1in an image, and acquiring an 1n-
termediate feature value output by an intermediate layer of the neural network model,
identifying feature areas for at least one object included in the image based on the in-
termediate feature value, and acquiring distance information between the electronic
apparatus and the at least one object based on the feature areas for the at least one

object and the depth information of the image.

Advantageous Effects of Invention

According to embodiments, a user can acquire distance information of an object with
improved accuracy through an electronic apparatus.

Accordingly, user convenience and satisfaction can be improved.

Brief Description of Drawings

The above and/or other aspects, features, and advantages of certain embodiments of
the present disclosure will be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a diagram illustrating an operation of an electronic apparatus according to
an embodiment;

FIG. 2 1s a block diagram 1llustrating a configuration of an electronic apparatus
according to an embodiment;

FIG. 3 1s a block diagram 1llustrating a neural network model according to an em-
bodiment;

FIG. 4 1s a diagram 1llustrating a neural network model according to an embodiment;

FIG. 5 1s a diagram illustrating a method of acquiring distance of an object according
to an embodiment;

FIG. 6 1s a diagram 1illustrating a method of acquiring distance information of an

object according to an embodiment;
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28] FIG. 7 1s a diagram 1illustrating a method of acquiring distance information of an
object according to an embodiment;

[29] FIG. 8 1s a diagram illustrating a method of acquiring a feature map according to an
embodiment;

[30] FIG. 9 1s a diagram 1illustrating a method of acquiring distance information of an
object according to an embodiment;

[31] FIG. 10 1s a diagram 1llustrating a method of acquiring distance information of an
object according to an embodiment;

|32] FIG. 11 1s a diagram 1llustrating an output i1mage according to an embodiment; and

|33] FIG. 12 1s a flow chart illustrating a controlling method according to an embodiment.

Best Mode for Carrying out the Invention

| 34] The common terms that are currently used widely are used as much as possible, in
conslideration of the tunctions described herein. However, with time, the common
terms may change depending on the intention of those skilled in the art who work in
the pertinent field, court decisions, or emergence of new technologies. Also, herein,
there may be terms that are selected by the applicant, and 1n such cases, the meaning of
the terms 1s described 1n detail below. Thus, the terms used herein should be defined
based on the meaning of the terms and the overall content of the described, and not just
based on the names of the terms.

[35] As used herein, the terms such as "1st" or "first,” "2nd" or "second,” etc., may
modity corresponding components regardless of importance or order and are used to
distinguish one component from another without limiting the components.

|36] Singular expressions include plural expressions, as long as they do not obviously
mean differently in the context. In addition, terms such as "include” and "consist of™
should be construed as designating that there are such characteristics, numbers, steps,
operations, elements, components, or a combination thereof described in the speci-
fication, but not to exclude in advance the existence or possibility of adding one or
more of other characteristics, numbers, steps, operations, elements, components, or a
combination thereof.

[37] Hereinafter, certain embodiments will be described with reference to the ac-
companying drawings. However, it should be noted that embodiments may be 1m-
plemented 1n various different forms, and the present disclosure 1s not limited to em-
bodiments described herein. In the drawings, and throughout the specitfication, similar
components were designated by similar reference numerals.

| 38] FIG. 1 1s a diagram illustrating an operation of an electronic apparatus according to
an embodiment.

|39] An electronic apparatus may acquire a photographed image 10. The electronic
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apparatus may input the photographed image 10 into a neural network model 310 and
acquire information on a target object 1 included in the photographed image 10.
Specifically, the electronic apparatus may acquire a final feature value 25 of the neural
network model 310. The electronic apparatus 100 may acquire type information 26 for
the target object 1 based on the final feature value 25. For example, the type in-
formation 26 may be a classification value for the target object 1.

The electronic apparatus may acquire object area information 27 for the target object
|1 based on the final feature value 25. The object area information 27 may include
location information of the target object 1 1n the photographed image 10. For example,
the object area information 27 may include a coordinate value of a bounding box set to
include the target object 1.

The electronic apparatus may identify a feature area 22 based on an intermediate
feature value 21. Here, a feature area may mean an areca which becomes the feature of
the target object 1 when the neural network model 310 recognizes the target object 1.
For example, 1n case the target object 1 1s a person, the feature area may be the sur-
rounding area of the face of the person. However, this 1s merely an example, and a
feature area may be defined as various areas according to the type of the target object
1. The electronic apparatus may map the intermediate feature value 21 and the object
area information 27 and identity the feature area 22 corresponding to the target object
1. The feature area 22 may exist in a bounding box corresponding to the object area 1n-
formation 27. The electronic apparatus may extract the intermediate feature value 21
from one or more of a plurality of intermediate layers included in the neural network
model 310. A feature area according to an embodiment may refer to an activation area,
an activation map, or a target area.

The electronic apparatus may acquire depth information 30 of the photographed
image 10. The depth information 30 may include depth information for the target
object 1. The electronic apparatus may acquire the depth information 30 by various
methods. For example, the electronic apparatus may acquire the depth information 30
by analyzing the photographed image 10. However, this 1s merely an example, and the
electronic apparatus may acquire the depth information 30 based on the 1image data that
the depth camera acquired.

The electronic apparatus may acquire distance information and/or generate an output
image 40 on which the distance information 1s displayed, for the target object 1 based
on the intermediate feature value 21 and the depth information 30. The electronic
apparatus may acquire the distance information based on a feature pixel 31 corre-
sponding to the feature area 22 of the intermediate feature value 21 among the depth
information 30. Specifically, the electronic apparatus may map the representative value

of the feature pixel 31 to the intermediate feature value 21 and acquire the distance 1n-
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formation. The representative value of the feature pixel 31 may be at least one of the
mode, the intermediate value, the average value, or the minimum value of the feature
pixel 31. The distance information may be the distance information from the camera
that acquired the photographed 1mage 10 to the target object 1. For example, in case
the electronic apparatus photographed the target object 1, the distance information may
be the distance information from the electronic apparatus to the target object 1.

The electronic apparatus may generate an image based on the type information 26,
the object area information 27, and the distance information for the target object 1. For
example, the electronic apparatus may generate an 1image including the type in-
formation 26, the object area information 27, and the distance information for the
target object 1. The electronic apparatus may output the generated image through the
display, or transmit the 1image to another external apparatus.

FIG. 2 1s a block diagram 1llustrating a configuration of an electronic apparatus
according to an embodiment. Referring to FIG. 2, the electronic apparatus 100 may
include a camera 110, a memory 120, a communication interface 130, a processor 140,
and a sensor 150. The electronic apparatus 100 does not necessarily have to be 1m-
plemented to include all of the above-mentioned components, but it may be 1m-
plemented only with some of the components.

The camera 110 may acquire various images. For example, the camera 110 may be
installed on the electronic apparatus 100 and photograph the surroundings of the
electronic apparatus 100 and acquire an image. The camera 110 may include various
types of cameras. For example, the camera 110 may include an RGB camera and an IR
camera based on 2D. The camera 110 may include a Time of Flight (ToF) camera and
a stereo camera based on 3D.

The memory 120 may store an operating system (OS) for controlling the overall op-
erations of the components of the electronic apparatus 100 and instructions or data
related to the components of the electronic apparatus 100. For this, the memory 120
may be implemented as a non-volatile memory (for example, a hard disc, a solid state
drive (SSD), a flash memory), a volatile memory, etc.

The memory 120 may include at least one instruction. For example, the memory 120
may store an instruction which, when executed, makes the processor 140 acquire 1n-
formation on objects included in an image when an image 1s acquired from the camera
110. The memory 120 may store a neural network model (or an object recognition
model, etc.) for recognizing objects. In particular, a neural network model may be
executed by a generic-purpose processor (e.g., a central processing unit (CPU)) or a
separate Al-dedicated processor (e.g., a graphics processing unit (GPU), a neural
processing unit (NPU), etc.).

The communication interface 130 includes at least one circuit, and may perform
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communication with various types of external servers or external apparatuses
according to various types of communication methods. For example, the commu-
nication interface 130 may include at least one of a Wi-F1 communication module, a
cellular communication module, a 4th Generation (4(G) mobile communication
module, a 4th Generation (4G) long term evolution (LTE) communication module, or a
Sth Generation (5G) mobile communication module.

The electronic apparatus 100 may acquire an 1mage that an external apparatus pho-
tographed the surroundings of the electronic apparatus 100 through the communication
intertace 130. The electronic apparatus 100 may acquire information on objects
included in the 1image acquired from the external apparatus. The electronic apparatus
100 may transmit the acquired information on the objects to the external apparatus
through the communication intertace 130. The electronic apparatus 100 may be a
server apparatus.

The processor 140 may control the overall operations of the electronic apparatus 100.

For example, the processor 140 may acquire an image that photographed the sur-
roundings of the electronic apparatus 100 and the depth information of the image. The
processor 140 may acquire the image and the depth information of the image through
the camera 110. Specifically, the processor 140 may acquire an image that an RGB
camera photographed. The processor 140 may acquire the depth information of the
image through a depth camera or a stereo camera that photographs the surroundings of
the electronic apparatus 100. Alternatively, the processor 140 may analyze the pixel
values of an image that an RGB camera photographed and acquire the depth 1n-
formation of the objects included 1n the 1image.

The processor 140 may input the acquired 1image into a neural network model trained
to acquire information on objects included 1n an 1mage, and acquire an intermediate
feature value output by the intermediate layer of the neural network model. The
processor 140 may identity feature areas for at least one object included 1n the 1image
based on the intermediate feature value. The processor 140 may acquire a feature map
including feature areas for at least one object included in the image based on the 1n-
termediate feature value. The feature map may be acquired by summing up a plurality
of intermediate feature values acquired by a plurality of predefined intermediate layers.

The processor 140 may input the acquired image into the neural network model and
identify feature areas for objects based on the final feature value output by the final
layer of the neural network model. Specifically, the processor 140 may identify type
information for each of the at least one object included 1n the 1image and information
on the object areas based on the acquired final feature value. The processor 140 may
map the feature map and the object areas for each of the at least one object and identity

feature areas corresponding to each of the at least one object.,
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The processor 140 may acquire distance information between the electronic
apparatus 100 and the at least one object based on the feature areas for the at least one
object and the depth information of the image. For example, the processor 140 may
map pixel values corresponding to the feature areas for the objects among the acquired
depth information to the feature areas for the objects and acquire distance information
between the electronic apparatus 100 and the objects. The processor 140 may acquire a
representative value of the depth information of the image, and map the acquired repre-
sentative value to the feature areas of the objects, and acquire distance information.
The representative value may be at least one of the mode, the intermediate value, the
average value, or the minimum value of the depth values of the plurality of pixels con-
stituting the 1mage.

The processor 140 may generate an image where the type information and the
distance information of the objects are displayed around the object areas for each of the
at least one object. The processor 140 may control the display included in the
electronic apparatus 100 such that the generated image is displayed. Alternatively, the
processor 140 may transmit a signal to an external apparatus through the commu-
nication interface 130 such that the generated image 1s displayed through another
external apparatus. Accordingly, the electronic apparatus 100 may provide at least one
of the distance information between the objects included in the image or the type 1n-
formation of the objects included 1n the 1image to a user from the electronic apparatus
100.

The sensor 150 may be a component for acquiring depth information for objects. For
example, the sensor 150 may include a ToF sensor, a LiIDAR sensor, and a radar
sensor. The electronic apparatus 100 may acquire distance information of objects based
on the depth information for the objects acquired by the sensor 150. The electronic
apparatus 100 may analyze an image photographed by the camera 110 and acquire the
depth information of objects included in the image as described above.

FIG. 3 1s a block diagram illustrating a neural network model according to an em-
bodiment. Referring to FIG. 3, the neural network model 310 may include an input
layer 320, an intermediate layer 330, and a final layer 350. Here, each layer may
include a plurality of neural network layers.

The input layer 320 may receive an input image 301, and output an input feature
value from the input image 301. The input layer 320 may transmit the input feature
value to the intermediate layer 330. The intermediate layer 330 may extract and output
an intermediate feature value 340 of the input image 301 based on the input feature
value received from the input layer 320.

The processor 140 may acquire information on the feature areas for the objects

included 1n the input image 301 based on the intermediate feature value 340. For
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example, the processor 140 may analyze the intermediate feature value 340 and extract
feature areas for the objects included in the input image 301. The size of a component
corresponding to the feature areas for the objects among the components of the in-
termediate feature value 340 may be bigger than the size of a component corre-
sponding to an area where objects do not exist.

[61] The intermediate layer 330 may transmit the intermediate feature value 340 to the
final layer 350. The final layer 350 may extract and output a final feature value 360 for
the input image 301 based on the intermediate feature value 340 received from the in-
termediate layer 330. The final feature value 360 may be related to various information
for the objects. For example, the final feature value 360 may be related to at least one
of the location information for the areas where the objects are located or the type in-
formation of the objects. Specifically, in case the neural network model 310 is trained
to perform an operation of classitying objects, the final feature value 360 may be
related to the type information of the objects. Also, 1n case the neural network model
310 1s trained to perform an operation of recognizing objects, the final feature value
360 may be related to the location information for the areas where the objects are
located or the type information of the objects.

[62] As described above, the neural network model 310 may consist of a plurality of
neural network layers. Each of the plurality of neural network layers has a plurality of
welght values, and performs a neural network operation through an operation between
the operation result of the previous layer and the plurality of weight values. The
plurality of weight values that the plurality of neural network layers have may be
optimized by a learning result of an artificial intelligence model. For example, the
plurality of weight values may be updated such that a loss value or a cost value
acquired from an artificial intelligence model during a learning process 1s reduced or
minimized. An artificial neural network may include a deep neural network (DNN),
and there are, for example, a convolutional neural network (CNN), a recurrent neural
network (RNN), a restricted Boltzmann Machine (RBM), a deep belief network
(DBN), a bidirectional recurrent deep neural network (BRDNN), or deep Q-networks,
etc., but this 1s non-limiting.

[163] FIG. 4 1s a diagram 1llustrating a neural network model according to an embodiment.

|64] Referring to FIG. 4, the neural network model 410 may output a final feature value
420 based on an input image 401. The processor 140 may acquire the final feature
value 420 output from the neural network model 410. The processor 140 may identity
the type information 421 and the object area information 422 tor the target object ob
based on the final feature value 420. The processor 140 may generate an image based
on the identified type information 421 (1.e., a person) and object area information 422.

165] The neural network model 410 may include a plurality of intermediate layers 411. In
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the plurality of intermediate layers 411, various operations may be performed. For
example, an operation where intermediate feature values output by each of the plurality
of intermediate layers 411 and a multiplied value of weights wl, w2, w3 corresponding
to the intermediate feature values are added may be performed. Also, in the 1n-
termediate layers 411, Global Average Pooling (GAP) may be performed. The neural
network model 410 may include a plurality of convolution layers (CONYV). The
plurality of convolution layers may be included in the intermediate layers 411.

FIG. 5 1s a diagram illustrating a method of acquiring distance of an object according
to an embodiment.

The processor 140 may acquire an input image 510 and object area information 511
for a first object obl extracted based on the input image 510. The processor 140 may
input the input image 510 into the neural network model 410 in FIG. 4 and acquire the
object area information S11. The processor 140 may acquire depth information 520
corresponding to the mput image 510. The processor 140 may acquire distance 1n-
formation of the first object obl based on the object area information 511 and the
depth information 520. Specifically, for example, the processor 140 may acquire the
distance value of the first object obl by mapping the sub depth information 521 corre-
sponding to the object area information 511 among the depth information 520 to the
object area information 511. Specifically, the processor 140 may define the repre-
sentative value of the pixels of the sub depth information 521 as the distance value of
the first object obl. The representative value may be at least one of the mode, the 1n-
termediate value, the average value, or the minimum value of the pixels corresponding
to the sub depth information 521. That 1s, the representative value may mean the repre-
sentative distance value calculated based on the plurality of pixel values respectively
including distance values.

The electronic apparatus may acquire distance information of a target object in case
there 1s another obstacle 1n front of the target object of which distance information is to
be acquired.

FIG. 6 1s a diagram 1illustrating a method of acquiring distance information of an
object according to an embodiment.

The processor 140 may acquire an input image 610 and object area information 611
for a first object obl extracted based on the input image 610. The processor 140 may
input the input image 610 into the neural network model 410 in FIG. 4 and acquire the
object area information 61 1. Further, the processor 140 may acquire depth information
620 corresponding to the input image 610. The depth information 620 may be a depth
image corresponding to the input image 610. In this case, the processor 140 may define
or acquire the distance value of the first object obl based on the depth information 620.

For example, the processor 140 may define the distance value of the first object obl by
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mapping the sub depth information 621 corresponding to the object area information
611 among the depth information 620 to the object area information 611. Specifically,
the processor 140 may define the representative value of the pixels of the sub depth 1n-
formation 621 to calculate the distance value of the first object obl.

In the object area information 611, data for the second object ob2 may be included.
That 1s, 1n the object area information 611 for the first object obl which 1s a subject of
which distance information 1s to be acquired, data for the second object ob2 which is
an obstacle but not a subject of which distance information 1s to be acquired may be
included. That 1s, as illustrated in FIG. 6, in a bounding box delineating the object arca
information 611, not only the first object ob1l but also the second object ob2 may be
included. Accordingly, in the sub depth information 621, depth information corre-
sponding to not only the first object ob1 but also to the second object ob2 may be
included.

Accordingly, when the processor 140 calculates the representative value of the sub
depth information 621, depth information for the second object ob2 which 1s irrelevant
to the first object obl may be reflected. Accordingly, the accuracy of the distance in-
formation of the first object obl might be reduced. For preventing this, when cal-
culating the representative value of the sub depth information 621, the processor 140
may calculate the representative value based on the values of the remaining pixels
excluding the pixels corresponding to the second object ob2 among the pixels corre-
sponding to the sub depth information 621.

In an embodiment, when a plurality of objects exist in one bounding box, a problem
that the accuracy of the distance of the target object 1s reduced due to another obstacle
or extraneous object present 1n the input 1mage, other than the target object, may be
eliminated.

FIG. 7 1s a diagram 1illustrating a method of acquiring distance information of an
object according to an embodiment.

The processor 140 may acquire object area information 711 for a first object obl
based on an 1input image 710 including the first object obl. The processor 140 may
acquire depth information 730 corresponding to the input image 710. The object area
information 711 and the depth information 730 may respectively correspond to the
object area information 611 and the depth information 620 in FIG. 6, and thus repeated
descriptions will be omitted.

The processor 140 may acquire a teature map 720 including a feature area 721 for the
first object obl based on the input image 710. The feature map 720 may include
location information on the feature area 721 for the first object obl. The feature area

721 may be located in a bounding box corresponding to the object area information
711.
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The processor 140 may acquire or define the distance information of the first object
obl based on the feature area 721 for the first object obl. For example, the processor
140 may acquire the distance information of the first object ob1 based on the sub depth
information 731 corresponding to the feature area 721 for the first object obl among
the depth information 730. Specifically, the processor 140 may map the representative
value of the pixels corresponding to the sub depth information 731 to the feature map
720 and acquire the distance information of the first object obl.

As described above, the processor 140 may acquire the distance information of the
first object obl based on the sub depth information 731 corresponding to the feature
arca 721 but not the depth information corresponding to the entire bounding box. Ac-
cordingly, the processor 140 may prevent the problem that the depth information of the
second object ob2 1s reflected when acquiring the distance information of the first
object obl. Thus, according to an embodiment, the processor 140 may acquire accurate
distance information for a target object 1n case the target object (1.e., a person that 1s
the first object) and an obstacle object (1.e., a desk) are overlapped. That 1s, according
to an embodiment, accuracy of the distance information of the first object obl can be
improved.

The feature map 720 may be acquired based on an intermediate feature value of a
neural network model.

FIG. 8 1s a diagram illustrating a method of acquiring a feature map according to an
embodiment.

Referring to FIG. 8, the processor 140 may acquire a final feature value 820 by
inputting an input image 801 into the neural network model 810. The final feature
value 820 may include the type information 821 and the object area information 822
for the first object obl. The neural network model 810 1in FIG. 8 may correspond to the
neural network model 410 in FIG. 4, and thus repeated descriptions will be omitted.

The neural network model 810 may include a plurality of intermediate layers 830.
The processor 140 may acquire at least one intermediate feature value from the
plurality of intermediate layers 830. For example, the processor 140 may acquire a first
intermediate feature value 831, a second intermediate feature value 832, and a third in-
termediate feature value 833 output by all or some of the plurality of intermediate
layers 830. The processor 140 may acquire a feature map 834 by summing up the first
intermediate feature value 831, the second intermediate feature value 832, and the third
intermediate feature value 833. The feature map 834 may be calculated as a sum of the
values of multiplying weights wl, w2, w3 with each of the first intermediate feature
value 831, the second intermediate feature value 832, and the third intermediate feature

value 833.

Each of the first intermediate feature value 831, the second intermediate feature value
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332, and the third intermediate feature value 833 may include location information for
the feature areas for the at least one object. For example, the first intermediate feature
value 831 may include location information for the feature area for the first object obl.

The above-described 1s based on an example where there 1s one object of which
distance information 1s to be extracted in an mput image. However, this 1s not limiting,
and the processor 140 may acquire distance information for a plurality of objects
included in an 1nput 1mage.

FIG. 9 1s a diagram 1illustrating a method of acquiring distance information of an
object according to an embodiment.

The processor 140 may acquire an input image 910 including a first object obl and a
second object ob2 and depth information 930 corresponding to the mput image 910.
The processor 140 may acquire object area information for each of the first object obl
and the second object ob2 based on the input image 910. The processor 140 may
acquire object area information for each of the first object obl and the second object
ob2 based on the final feature value acquired by inputting the input image 910 into the
neural network model.

The processor 140 may acquire a feature map 920 based on the input image 910. The
feature map 920 may include information on a first feature area 921 for the first object
obl and a second feature area 922 for the second object ob2. The processor 140 may
respectively 1dentity the first feature area 921 and the second feature area 922. The
processor 140 may acquire information for each of the first feature area 921 and the
second feature area 922 based on the intermediate feature value acquired by inputting
the input image 910 into the neural network model.

The processor 140 may acquire distance information for each of the first object obl
and the second object ob2 based on the feature map 920 and the depth information 930.
Specifically, the processor 140 may identity a first feature pixel 931 corresponding to
the first feature area 921 and a second feature pixel 932 corresponding to the second
feature area 922 among the depth information 930. The processor 140 may acquire a
first representative value based on the first feature pixel 931. The processor 140 may
acquire a second representative value based on the second feature pixel 932. The
processor 140 may map the first representative value and the second representative
value to each of the first feature area 921 and the second feature area 922 and acquire
distance information of the first object obl and the second object ob2.

As described above, the processor 140 may acquire distance of objects based on
feature areas. Accordingly, in case the bounding boxes ot each of the first object obl
and the second object ob2 are overlapped as in F1G. 9, the processor 140 may acquire
distance information for each of the first object obl and the second object ob2 ac-

curately. However, this 1s not limiting and the boxes do not necessarily need to overlap
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and may only touch or be separated.

FIG. 10 1s a diagram 1llustrating a method of acquiring distance information of an
object according to an embodiment.

The processor 140 may input an input image 1001 including the first object obl and
the second object ob2 into the neural network model 1100. The neural network model
1100 may include at least one intermediate layer corresponding to objects having
specific types. For example, the neural network model 1100 may include a first in-
termediate layer 1110 corresponding to the first object obl of the first type (1.e., a
person). The neural network model 1100 may include a second intermediate layer 1120
corresponding to the second object ob2 of the second type (1.e., a dog). The first 1n-
termediate layer 1110 may output a first intermediate feature value 1210. The
processor 140 may acquire information on the first feature area 1211 corresponding to
the first object obl based on the first intermediate feature value 1210. The second 1n-
termediate layer 1120 may output a second intermediate feature value 1220. The
processor 140 may acquire information on the second feature area 1221 corresponding
to the second object ob2 based on the second intermediate feature value 1220.

As described above, an intermediate layer included in the neural network model 1100
may correspond to an object of a specific type. The processor 140 may acquire type 1n-
formation for the first object obl and the second object ob2 without a final feature
value of the neural network model 1100. The processor 140 may acquire distance 1n-
formation for each of the first object obl and the second object ob2 based on depth 1n-
formation 1300 corresponding to the input image 1001. Specifically, the processor 140
may acquire first sub depth information 1310 corresponding to the first feature area
1211 based on information on the first feature area 1211. The processor 140 may map
the first sub depth information 1310 to the first intermediate feature value 1210 and
acquire distance information for the first object obl. Likewise, the processor 140 may
acquire second sub depth information 1320 corresponding to the second feature area
1221 based on information on the second feature area 1221. The processor 140 may
map the second sub depth information 1320 to the second intermediate feature value
1220 and acquire distance information for the second object ob2.

Although only two objects are described, the number of the objects and the object
types may be more than 2, for example, 3, 4, 22 10, etc.

For example, as described above, in case at least one or some of a plurality of 1n-
termediate layers included in a neural network model correspond to an object of a
specific type, the processor 140 may acquire the distance information of the object
based on an intermediate feature value and not a feature map.

The processor 140 may generate an image based on the acquired information on an

object.
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FIG. 11 1s a diagram 1llustrating an output i1mage according to an embodiment.

The processor 140 may generate an output image 1400 based on the type 1n-
formation, the distance information, and the object area information of an object. An
output image may include display of an object area. For example, an output image may
include a bounding box displayed around an object area. Also, 1n an output image, type
information of objects (i.e., a person and a dog in FIG. 11) may be displayed around a
bounding box. In addition, in an output 1image, type information of an object, or
distance information of an object may be displayed around an object area.

The processor 140 may control the display such that a generated output message 1s
displayed through the display included in the electronic apparatus 100 as described
above. Alternatively, the processor 140 may transmit a signal to an external apparatus
through the communication interface 130 such that a generated output image 1s
displayed through another external apparatus. Through these operations, the electronic
apparatus 100 may provide various information regarding objects to a user.

FIG. 12 1s a flow chart illustrating a controlling method according to an embodiment.

Referring to FIG. 12, the control method may include the operation S1210 of
acquiring an 1image and depth information of the image, the operation S1220 of
inputting the acquired image into a neural network model and acquiring an 1n-
termediate feature value, the operation S1230 of 1dentifying feature areas for objects
included 1n the 1mage, and the operation S1240 of acquiring distance information
between the electronic apparatus and the objects based on the feature areas and depth
information.

The processor 140 may acquire an 1mage and depth information of the image at
operation S1210. The processor 140 may acquire an image that the camera 110 of the
electronic apparatus 100 photographed the surroundings of the electronic apparatus
100 and depth information of the image. The image may be an RGB image that the
RGB camera included in the camera 110 photographed, and depth information of the
image may be a depth image that the depth camera included 1n the camera 110 pho-
tographed. The processor 140 may acquire an image that an external apparatus pho-
tographed and depth information of the image.

The processor 140 may input the acquired 1image into a neural network model and
acquire an intermediate feature value at operation S1220. The neural network model
may be trained to acquire information on objects included 1n an image. Information on
objects may include type information, distance information, and location information
of the objects.

The processor 140 may identify feature areas for objects included in the image at
operation S1230. The processor 140 may 1dentify type information for the objects and

information on the object areas based on a final feature value acquired from the neural
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network model. The processor 140 may map a feature map acquired based on the 1n-
termediate feature value and the object areas and 1dentify feature areas for the objects.
The processor 140 may sum up a plurality of intermediate feature values acquired by a
predefined intermediate layer of the neural network model and acquire a feature map.

Further, the processor 140 may acquire distance information between the electronic
apparatus and the objects based on the feature areas for the objects and depth 1n-
formation of the image at operation S1240. The processor 140 may acquire a repre-
sentative value based on feature pixels corresponding to the feature arecas among the
depth information of the image. The processor 140 may map the acquired repre-
sentative value to the feature areas and acquire distance information between the
electronic apparatus and the objects.

The electronic apparatus 100 may be implemented as various types of electronic ap-
paratuses. For example, the electronic apparatus 100 may be implemented as a robot
cleaner, an automated guided vehicle (AGYV), etc. The processor 140 may generate a
driving control signal of the electronic apparatus 100 based on the acquired in-
formation on the objects.

Embodiments described above may be implemented by using a recording medium
that can be read by a computer or an apparatus similar to a computer, by using
software, hardware, or a combination thereof. In some cases, embodiments described
herein may be implemented by one or more processors. According to implementation
by software, processes and functions described herein may be implemented by separate
software modules. Each of the software modules can perform one or more functions
and operations described herein.

Embodiments may be implemented as software containing one or more mnstructions
that are stored in machine-readable (e.g., computer-readable) storage medium (e.g.,
internal memory or external memory). A processor may call instructions from a
storage medium and 1s operable in accordance with the called instructions, including
an electronic apparatus (e.g., the electronic apparatus 100). When the instruction is
executed by a processor, the processor may perform the function corresponding to the
instruction, either directly or under the control of the processor, using other
components. The instructions may contain a code made by a compiler or a code ex-
ecutable by an interpreter. The machine-readable storage medium may be provided 1n
the form of a non-transitory storage medium.

A non-transitory computer-readable medium refers to a medium that stores data
semi-permanently, and 1s readable by machines, but not a medium that stores data for a
short moment such as a register, a cache, and a memory. As specific examples of a
non-transitory computer-readable medium, there may be a CD, a DVD, a hard disc, a
blue-ray disc, a USB, a memory card, a ROM and the like.
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While certain embodiments have been particularly shown and described with
reference to the drawings, embodiments are provided for the purposes of illustration
and 1t will be understood by one of ordinary skill in the art that various modifications
and equivalent other embodiments may be made from the disclosure. Accordingly, the

true technical scope of the disclosure 1s defined by the technical spirit of the appended

claims.
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Claims

A method of controlling an electronic apparatus, the method
comprising:

acquiring an 1image and depth information of the acquired image;
inputting the acquired image into a neural network model trained to
acquire information on objects included in the acquired image;
acquiring an intermediate feature value output by an intermediate layer
of the neural network model;

identifying a feature area for at least one object among the objects
included in the acquired image based on the intermediate feature value;
and

acquiring distance information between the electronic apparatus and the
at least one object based on the feature area for the at least one object
and the depth information.

The method of claim 1, further comprising:

inputting the intermediate feature value into a final layer of the neural
network model;

acquiring a final feature value output by the final layer; and
identifying type information for the objects, respectively, that are
included in the acquired 1image and information on object areas where
the objects are present, respectively, 1in the acquired image, based on
the final feature value,

wherein the 1dentifying the feature area further comprises:

acquiring a feature map including feature areas for the objects, re-
spectively, based on the intermediate feature value,

mapping the feature map and the object areas for each of the objects;
and

identifying the feature areas corresponding to each of the objects based
on the mapping.

The method of claim 2, wherein the acquiring the feature map further
comprises:

acquiring the feature map by summing up a plurality of intermediate
feature values acquired by some of a plurality of intermediate layers,
respectively,

wherein the intermediate layer includes the some or all of the plurality
of intermediate layers.

The method of claim 2, wherein the acquiring the distance information
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further comprises acquiring the distance information between the
electronic apparatus and the objects, respectively, based on the feature
areas and the depth information, and

the method further comprises:

generating an output image at least based on the final feature value; and
displaying the type information and the distance information around the
object areas for the objects, respectively, on the output image.

The method of claim 1, wherein the acquiring the distance information
further comprises:

acquiring a representative value based on feature pixels corresponding
to the feature area present in the depth information;

mapping the representative value to the feature area; and

acquiring the distance information based on the mapping.

The method of claim 1, wherein the acquiring the depth information
further comprises:

acquiring the depth information by using a depth camera or a stereo
camera, or acquiring the depth information by analyzing the acquired
image.

The method of claim 1, wherein the intermediate layer includes a first
intermediate layer corresponding to a first object of a first type and a
second intermediate layer corresponding to a second object of a second
type, among the objects, and

the 1dentifying further comprises identifying a first feature area for the
first object having the first type among the objects based on a first 1n-
termediate teature value output by the first intermediate layer, and
identifying a second feature area for the second object having the
second type among the objects based on a second intermediate feature
value output by the second intermediate layer, and

the acquiring the distance information further comprises:

mapping a first representative value calculated based on a first feature
pixel corresponding to the first feature area present in the depth 1n-
formation, to the first feature area, and a second representative value
calculated based on a second feature pixel corresponding to the second
feature area present in the depth information, to the second feature area,
and

acquiring the distance information between the electronic apparatus and
the first object and the second object, based on the mapping, re-

spectively,
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wherein the at least one object 1s one among the first object and the
second object.

The method of claim 2, further comprising:

generating a driving control signal of the electronic apparatus based on
the type information, the information on the object areas, and the
distance information.

An electronic apparatus comprising:

a memory configured to store at least one instruction; and

a processor configured to execute the at least one instruction,

wherein the processor, by executing the at least one instruction, 1s
further configured to:

acquire an 1image and depth information of the acquired image,

input the acquired image into a neural network model trained to acquire
information on objects included in the acquired image,

acquire an intermediate feature value output by an intermediate layer of
the neural network model,

identity a feature area for at least one object among the objects
included in the acquired 1image based on the intermediate feature value,
and

acquire distance information between the electronic apparatus and the
at least one object based on the feature area for the at least one object
and the depth information.

The electronic apparatus of claim 9, wherein the processor is further
configured to:

input the intermediate feature value into a final layer of the neural
network model,

acquire a final feature value output by the final layer,

identify type information for the objects, respectively, that are included
in the acquired 1image and information on object areas where the objects
are present, respectively, in the acquired 1image, based on the final
feature value, and

acquire a feature map including feature areas for the objects, re-
spectively, that are included 1n the acquired 1image based on the in-
termediate feature value.

The electronic apparatus of claim 10, wherein the processor 1s turther
configured to:

map the feature map and the object areas for each of the objects, and

identify the feature areas corresponding to each of the objects based on
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the mapping.

The electronic apparatus of claim 10, wherein the feature map 1s
acquired by summing up a plurality of intermediate feature values
acquired by some of a plurality of intermediate layers, respectively,
wherein the intermediate layer includes the some or all of the plurality
of intermediate layers.

The electronic apparatus of claim 9, wherein the processor is further
configured to:

acquire a representative value based on feature pixels corresponding to
the feature area present in the depth information,

map the representative value to the feature area, and

acquire the distance information based on the mapping.

The electronic apparatus of claim 10, wherein the processor 1s further
configured to:

acquire the distance information between the electronic apparatus and
the objects, respectively, based on the feature areas and the depth 1n-
formation, and

generate an output image at least based on the final feature value, so
that the generated output image includes the type information and the
distance information for the objects, respectively.

The electronic apparatus of claim 14, further comprising:

a display,

wherein the processor 1s further configured to:

control the display to display the output image so that the type in-
formation and the distance information for the objects are displayed

around the object areas, respectively.
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